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Abstract—A novel waveguide-to-microstrip transition at millimeter wave frequencies is presented in

this letter.  An E-plane probe  is chosen to  coupled the energy of  the waveguides  to the energy of

microstrip lines or vice versa. Then, a stepped impedance microstrip line is placed following the probe

to match the impedance  between the probe and a 50 ohm microstrip line.  This compact  matching

network widen the bandwidth of waveguide-to-microstrip transition. The proposed transition of full W-

band  is  designed,  optimized  based  on  the  results  from numerical  simulations.  For  the  purpose  of

verification, the probe transitions connected in the form of back to back structure are measured. The

measured results indicate that the insertion loss of the single transition is smaller than 11dB , and the

return loss is better than 11dB over the frequency from 75GHz to 105GH. It shows that the proposed

transition  have  the  advantages  of  low  insertion  loss,  good  return  loss,  and  wide  bandwidth.  Its

performance is suitable for millimeter wave applications.
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I. INTRODUCTION

Applications  such  as  atmospheric monitoring,  radio astronomy  and  imaging  drive  the

development of compact and cheaper active systems and subsystems, which are usually built on planar

circuits. However, some passive elements using waveguide technology with low-loss, high-Q still are

required to obtain satisfied performances. Therefore,  in order to take advantage of both planar and

waveguide technologies, broad band low-loss waveguide to microstrip transitions are indispensable to

combine integrated circuits with waveguide elements especially in the millimeter wave applications.

Different techniques have been explored for waveguide to microstrip transitions[1]-[9].Transition

based on a fin-line taper in[1]exhibits good performance. The one with ridge waveguide is elaborately

fabricated in[2].Besides above two designs, the probe transitions which are commonly selected because

of lower transition loss, better return loss and broader band, are particularly suitable for millimeter-

wave applications.  Unlike  in-line designs,  the probe  transition is  achieved  by an extension of  the

printed microstrip line through a small aperture on the middle of the broad wall of a waveguide. More

waveguide to microstrip transitions have been proposed for decades[10]-[13].

The transition which has an extended microstrip line as an E-plane probe for transforming the

energy in waveguides to microstrip lines is presented in this letter. A stepped impedance line which

acts  like  matching  network  to  compensate  the  reactance  of  the  microstrip  probe,  and  match  the

resulting impedance to a standard 50ohm microstrip line through an additional metallic buffer follows

this E-plane probe. A aperture is created on the middle of the broad wall of a waveguide to ensure only



TE10 mode of the waveguide modes propagating along the direction towards the probe. To make the

proposed  transition  suitable  for  easy  attaching  to  test  instrument,  a  curved  bend  waveguide  is

implemented for input and output. For verifying the simulation results, two proposed transitions in

back-to-back connection are prepared to measure. The results indicate that the proposed transition in

this letter exhibits low insertion loss and good return loss across the entire W-band.

II. DESIGN  PROCEDURE

In this proposed design, we complete the transition between waveguide and a microstrip line in

two steps, a beginning transformation between waveguide and a probe and following transformations

between the probe and a microstrip line. Fig. 1 shows the 3-D structure of the proposed waveguide-to-

microstrip transition. It  consists of three metallic pieces  and a planar  transmission line.  A E-plane

probe, a followed steppe dimpedance line and a 50ohm microstrip line constitute the planar transition

line. The stepped impedance line serves as matching network, and is sandwiched in the middle of the

metallic buffer to form a transition between waveguide and a microstrip line. Herein, a aperture must

be created atthe broad sidewall of the waveguide for extending a E-plane probe from the microstrip

line. The dimensions of the aperture are properly selected to ensure only TE10mode propagating along

the direction towards the probe. The probe line, a stepped impedance line and a microstrip line, are

fabricated on a 0.127mmt thick Rogers RT/Duroid 5880 substrate with a dielectric constant of 2.2.

Figure 1. 3-D structure of the proposed waveguide to microstrip transition

Figure 2. The top view of configuration the transition.

The top view of the transition is showed in Fig.2.Then,three parts of the design are discussed. A

E-plane probe, which is utilized to coupled the energy of TE10 mode in waveguides to the energy of

quasi-TEM  mode  of  microstrip  lines  or  vice  versa,  is  achieved  by  an  extension  of   the  printed

microstrip line through a small aperture on the middle of the broad wall of a waveguide which is short-



circuited.  A  match  network  between  the  probe  and  the  microstrip  line  is  achieved  by  a  stepped

impedance line. Then, ametallic buffer is employed to provide a smooth transformation between the

probe  and  a  standard  microstrip  line.  For  the  ease  of  machining  and  measuring,  a  bend  of  the

waveguide is introduced. all the required simulations is conducted by using the 3-D EM simulator—

Ansoft’s HFSS. Table Ι lists the values of the structural parameters for the proposed W-band transition.

More details on each part of design are provided in the following subsections.

TABLE I. VALUES OF THE STRUCTURAL PARAMETERS FOR THE TRANSITION

Variable LS L1 L2 W1 W2 W3 R T1 H1 T2 H2 -
Value(mm

)
1.0 0.67 0.55 0.10 0.25 0.39 1.6 1.0 0.3 1.27 1.05 -

A. Waveguide-to-microstrip probe

A extending microstrip entering a WR-10 (2.54mm x 1.27mm)waveguide as an E-plane probe is

showed in Fig.3.For transferring maximum power between the waveguide and the probe, a waveguide

backshort is placed behind the probe. The rigorous and thrifty analysis of the microstrip probe is very

less published. In work[14], simplified sinusoidal current distribution on the probe is utilized for the

spectral domain calculation of the input impedance. Based on finite element method, More rigorous

approach  was  demonstrated  in[14].Instead  of  complicated  formulation.  In  this  design,  the  input

impedance  of  the  E-plane  probe  is  determined  by  the  probe  length  ,  probe  width  ,and  backshort

distance, the theory mentioned in[16][17]is used for setting the initial values, the input impedance of

the probe is:
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, mm, the initial probe width is stetted 0.10mm.A parametric optimum is conducted to

search  an  combination  of  these  parameters  to  achieve  the  broadband  performance  of  this

transformation. The frequency responses of the proposed waveguide-to-microstrip transition is showed



in Fig.4.  The simulation results indicate that  the insertion loss of the waveguide-to-microstrip line

transformation is less than 0.15 dB and the return loss is more than 25 dB throughout the entire W-

band.

Figure 3. The view of waveguide to microstrip probe

Figure 4. Simulation results of the waveguide-to-microstrip line

B. stepped impedance line in the middle of the metallic buffer

After  obtaining  the  optimized  probe  structure,  additional  match  circuit  elements  should  be

designed  to  realize  the  impedance  match  between  the  microstrip  probe  and  the  standard  50  ohm

microstrip line. A stepped impedance line is placed following the probe, it acts as a matching network

to compensate the reactance of the microstrip probe, meanwhile it places in the middle of the metallic

buffer for the transformation. A quarter wavelength transformer is usually using to match the resulting

real impedance to the 50 ohm microstrip line [11]-[13]. According to impedance match theory, one

drawback of the quarter wavelength transformer is its narrow bandwidth which could be improved by

stepped matching transformers[18]. In this paper, for achieving maximum translation efficiency in the

broad band, the situation is improved by applying a steppedimpedanceline.Fig.5 shows different views

of the metallic buffer. The dimensions of the aperture on the middle of the broad wall must be as small

as possible to avoid the perturbation of field distribution in the waveguide. For simplicity, the width of

the aperture is fixed at 1mm as in[9], the dimension of the inner height H1follows the mechanical

design  for  the  stepped  impedance  line.  The  height  H1ofthe  metallic  buffer  influences  the

transformation of other modes in the waveguide to the microstrip expect TE10 mode.Fig.6 plots the

frequency responses of the transition versus the variations of H1without the probe and microstrip lines.

It can be seen thatthe insertion loss decrease when H1 increases from 0.2mm to 0.6.While the height

H1  also  effect  the  matching  from  the  high  impedance.  For  considerations  of  machining  and  the



influence of the height H1, the selected value of H1 is 0.3mm. The increase in the inner height H2of

the metallic buffer helps to establish the electromagnetic field distributions of a standard microstrip

line, by using the similar method, the value of H2 is 1.27mm.

Figure 5. Front and side views of the metallic buffer for a transformation.

Figure 6. The insertion loss of the transition versus the variations of H1 without the probe and microstrip lines

C. The 90o Curved Bend of waveguide

For the ease of fabricating and measuring the probe transition, a curved bend of waveguide is

presented.  The discontinuity of waveguide is introduced by the curved bend of waveguide , it  will

increase the insertion loss of the waveguide to microstrip transition. The loss is determined by the

radius of the curved bend. A parametric study is conducted to search for an optimum combination of

the parameter R to achieve the broadband performance.Fig.7 shows the return loss of the curved bend

of  waveguide  versus  the variations of  R.  When R increases  from 1.2mm to 1.8mm, the result  of

simulation indicates that the optimized value of the radius R is 1.4mm. 

Figure 7. The return loss of the curved bend of waveguide versus the variations of R

Connecting  with  the  curved  bend  waveguide,  the  frequency  responses  of  a  single  transition

between a waveguide to a standard microstrip line are also displayed in Fig.8.Comparing to the another

design, the complete transition widens bandwidth, and still maintains good return loss, but suffers more



insertion loss because of additional radiation loss and discontinuity. The 1-dB bandwidth ranges from

60 to117 GHz. And the metallic buffer(Part III)can be integrated with Part II into one piece for ease of

fabrication and assembly. For the ease of fabricating and measuring the probe transition, a curved bend

of  waveguide  is  presented.  The  discontinuity  of  waveguide  is  introduced  by  the  curved  bend  of

waveguide , it will increase the insertion loss of the waveguide to microstrip transition. The loss is

determined by the radius of the curved bend. A parametric study is conducted to search for an optimum

combination of the parameter R to achieve the broadband performance. Fig.7 shows the return loss of

the curved bend of waveguide versus the variations of R. When R increases from 1.2mm to 1.8mm, the

result of simulation indicates that the optimized value of the radius R is 1.4mm.

Figure 8. The frequency responses of a single transition

III. MEASUREMENTS

The  proposed  W-band  waveguide-to-microstrip  transition  is  fabricated  and  assembled  in  a

waveguide test cavity. To facilitate the experimental verification of the simulation results, the proposed

transitions in back-to-back connection with a 10mm microstrip line are prepared for measurements.

The Agilent network analyzer 8510C combined with two external mixers is employed to measure the

proposed transitions. Fig.9 shows the measured result. The measured of insertion loss is less than 2 dB

from 75GHz to 105GHz.The additional insertion loss of the measured data can be attributed to the

problems caused by the fabrication and assembly errors. The test curve of insertion loss is still agree

well with the simulation curve of insertion loss. Over the frequency range from 75 GHz to 105GHz, the

return loss is better than 11dB.The return loss is not as good as the simulation result, which is limited

by the test dynamic range of the millimeter wave scalar network analyzer. But the low insertion loss of

the  probe  transition  indicates  its  good  performance.  This  transition  has  been  used  to  design  the

LNA(low noise amplifier) module, and high gain and good noise figure is obtained.

Figure 9. Measured results of the back to back transition structure



Table.  shows the performance comparisons of the fabricated transition in this work with othersⅡ

in literature. It indicates that the transition of this paper has wider bandwidth and lower insertion loss at

W-band, and it is suitable for the millimeter-wave applications.

TABLE II. COMPARISON WITH THE REPORTED TRANSITION

Ref. Bandwidt
h

(GHz)

Insertion
loss(dB)

Return
loss(dB)

Minimum insertion
loss(dB)

[10] 85-120 0.8-2.0 ≥10 0.8@85GHz
[11] 75-90 1.5-2.4 ≥11.5 1.5@86GHz
[12] 50-72 0.5-0.9 ≥11 0.5@70GHz
[13] 85-110 1.0-2.0 ≥8 1.0@92 GHz
This
work

75-105 0.9-1.7 ≥11 0.9@75-84GHz

IV. CONCLUSIONS

The details of the design and fabrication of low loss waveguide to microstrip probe transition are

presented in this letter. The proposed E-plane probe which is extending in the waveguide to couple

energy of the waveguide to the microstrip line,  has the advantage of ease in fabrication and assembly.

A  stepped  impedance  line  follows  the  probe  to  implement  impedance  matching  and  widens  the

practical bandwidth, and a metallic buffer is introduced between the probe and the standard microstrip

line to suppress the unwanted waveguide modes. Numerical simulations are conducted for the W-band

waveguide to microstrip transitions. The measured results of the two proposed transitions in back-to-

back connection indicate that the insertion loss is 0.9 to 1.7dB, and the return loss is better than 11dB

over the frequency from 75GHz to 105GHz. It exhibits low insertion loss, good return loss and stable

performance,  which are  verified  experimentally.  These  features  qualify the  proposed  transition for

many millimeter-wave applications.
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